Absolute wave numbers with a typical uncertainty of 1 MHz (95% confidence) have been measured for 102 hyperfine-structure components of 12712, The data cover the range 560 tc 656 nm with no gaps larger than 50 cm-l. The spectra were observed by using Doppler-bee frequency modulation spectroscopy with a tunable cw laser. The laser was locked to selected iodine components, and its wave number was measured with a high precision Fabry-Perot wavemeter. The accuracy of the results is confirmed by the good agreement of 9 of the lines with previous results from other laboratories. These measurements provide a welldistributed set of precise reference lines for this spectral region.
The results should be useful to other workers who need high-accuracy reference wavelengths in this spectral region.
EXPERIMENT
Because this paper represents a collection of data measured in a number of experiments over a period of nearly ten years, not all of the measurements were made under identical experimental conditions. Almost all of the observations repotid here have been made using Doppler-bee frequency modulation (FM) spectroscopy, although some of the earliest measurements employed a simple saturated absorption setup with a frequency dither imposed on the tunable dye laser for locking to the iodine lines. Since the observed wave numbers do not depend on the exact Doppler-fi-ee technique employed, we will not discuss the variations in technique that may apply to some of the measurements. The experimental appartus and methods described here are representative of those used for most of the data.
Our technique for observing Doppler-flee spectra of 12 lines by FM spectroscopy is essentially similar to that described by Hall, Holberg, Baer, and After an appropriate hyperfine component had been selected, the dye laser was servo-locked to the zero crossing of its FM signal. The servo-lock was implemented by using the external scan input of the dye laser controller. It was able to maintain lock for an indefinite period, combining the long term stability of the 12 resonance with the narrow line width of the commercial laser.
The absolute measurement of the dye laser wave number was made by using the Fabry-Perot wavemeter developed in our laboratory. 11 This wavemeter has been used for numerous precise measurements and has demonstrated its ability to make reliable absolute measurements at a sub-MHz level of accuracy. Results derived from observations with different spacer lengths were used to correct for phase dispersion on reflection from the coatings of the interferometer plates as previously described.la The phase correction used in this work was calculated from a polynomial fit to all of our phase dispersion data from this and other experiments spanning the region 471 to 765 nm. Measuring each line with spacers of different lengths also provides assurance that the correct integer order of interference has been used in calculating the wave number.
RESULTS
The results for all 12 lines observed in this work are collected in Table 1 .
For each line the Doppler-limited wave number as measured by Fourier transform spectroscopy is given in the first column. This value can be used to locate the line in the iodine atlas of Gerstenkorn and Luc.1
The line classifications given in the second column of Table 1 Table 1 .
In the third column of Table 1 we list the hyperfine component that was (Fig. 5) .
In previous work there has the iodine hyperfine components. spectrum with the spectrum in the iodine atlas.1 Then the laser is tuned onto the line from the low wave number side while observing the Doppler-ilee spectrum.
For 15-component structures (Fig. 3 ) the t component is the first one encountered;
for 21-component structures (Fig. 4) it is the central component of the first group of three.
In the fourth column of the Table 1 we present the measured wave number of the speciiied component and its uncertainty. The value reported is the average of 2 to 9 independent measurements made on different days with the 218-mm Fabry-Perot spacer. Each of these independent measurements is the average of about 80 successive readings from the Fabry-Perot wavemeter taken over a period of about a minute.
The uncertainty at the one standard deviation level is derived as the quadrature sum of the standard error of the mean of the individual determinations (typically about 1X10-5cm-l), the estimated uncertainty of the lock point due to line asymmetry and baseline shifts (6x10-6 cm-l), the uncertainty of the phase shift correction (6x10-6 cm-l), the uncertainty of the reference laser wave number (2.3x10-G cm-l), and the uncertainty in the correction for the reference laser power and temperature (2.8x10-6 cm-l). The uncertainty reported in Table 1 is two standard deviations and represents a 9590 confidence level.
To assist in identi&ing the correct line and component for each measured transition, descriptive comments are included in the final column of Table 1 To investigate this problem we have compared the frequency of our 12-stabilized reference laser with a second Iz-stabilized laser. The frequency of the laser used for our present measurements was found to be slightly higher than that of the comparison laser. In four determinations with realignment of the laser cavity the offset ranged fkom 14 to 45 kHz. This is a relative difference of about 9 parts in 10-11,well within the reported uncertainty of the reference laser frequency and in the wrong direction to explain our difference with other laboratories. We have also done tests in which we measured the same iodine line using different AOM frequencies, locking the reference laser to different iodine components, and inverting the phase in the FM detection electronics. None of these tests showed a systematic effect that might contribute to the observed difference.
In 
